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(71) I, FRANCIS VAN HECKE, a 
Belgian citizen of Avenue de Tervueren 183- 
B-1040 Brussels, Belgium, do hereby declare 
the invention for which I pray that a patent 
5 may be granted to me, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

This invention relates to improvement to 
10 the regeneration of regenerable aqueous scrub- 
bing solutions, which are used for the bulk 
removal of acidic gases, such as C0 2 , H 2 S, 
HCN, COS, S0 2 and mercaptans, by absorp- 
tion from gas mixtures containing these acidic 
1 5 gases, in a cyclic process in which said aqeous 
scrubbing solutions are regenerated by steam 
stripping before being recycled to the absoq> 
tion stage. 

The invention relates particularly to a 

20 process for the regeneration of regenerable 
aqueous scrubbing solutions which are used 
for the bulk removal of acidic gases, by 
absorption from gas mixtures containing these 
acidic gases, in a cyclic process in which said 

25 aqueous scrubbing solutions are regenerated 
in a regeneration system by steam stripping 
before being recycled to the absorption stage, 
a part of the scrubbing solutions being re- 
generated in a main regeneration section of 

30 the regeneration system, whereas the other 
part of the scrubbing solutions is regenerated 
in an auxiliary regeneration section of the re- 
generation system. 

The gas mixture to be purified may be, for 

35 example, either a natural gas stream or an 
industrial process gas. 

The most commonly used aqueous scrub- 
bing solutions used in cyclic processes are 
solutions of alkaline carbonates, particularly 

40 potassium carbonate which may contain any 
of the well known activation additives such 
as arsenites, borates, aminoacids, alkanol- 
amines or other additives which increase the 
rates of absorption and desorption of the 

45 acidic gas in the scrubbing solution. In 
addition to alkaline carbonate solutions, 
other regenerable solutions such as aqueous 



solutions of ethanolamines and other alkanol- 
amines, of alkali metal salts of aminoacids, of 
alkaline phosphates, alkaline phenates, alkaline 50 
borates and other similar components may be 
used either separately or in admixture. For 
the absorption of S0 2 it is sometimes pre- 
ferred to use a solution of alkali metal sul- 
fites and bisulfltes. It is common practice to 55 
incorporate in these solutions a corrosion 
inhibitor. 

The regeneration of the spent scrubbing 
solution by steam stripping and boiling takes 
place at a regeneration pressure which is 60 
usually close to atmospheric pressure, corres- 
ponding to boiling temperatures which are 
commonly in the range of 70°C to 150°C. 

The stripping steam may be produced by 
boiling the aqueous scrubbing solution in an 65 
indirectly heated reboiler, or be obtained 
from an outside steam source supplying live 
steam. The spent scrubbing solution which 
leaves the absorber where the absorption of 
the acidic gas has normally been carried out 70 
under a superatmospheric pressure, is first 
submitted to a pressure reduction and flash- 
ing before being introduced into the steam 
stripping zone of the regeneration section. 

The regeneration equipment which is 75 
commonly used comprises a regeneration 
column equipped with packing materials, 
bubble cap plates, sieve trays or other suit- 
able means for ensuring intimate contact 
between the solution and the stripping steam. 80 
Similar equipment is used for the absorption 
stage. 

According to the temperature at which the 
regenerated scrubbing solution is recycled to 
the absorber and at which the spent scrub- 85 
bing solution leaves the said absorber, the 
cyclic process may be defined as "iso- 
thermal", "optimal" or "classic". In the 
classic cycle the absorber operates at a moder- 
ate temperature which may be close to 90 
ambient temperature. As the regeneration by 
steam stripping takes place at a higher tem- 
perature, several heat exchangers and/or solu- 
tion heaters and coolers will be required in 
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addition to the usual absorption and re- 
generation equipment. Such a classic cycle is 
for instance preferred for the removal of C0 23 
when the scrubbing solution is an aqueous 
5 monoethanolamine solution. 

When the gaseous mixture which is to be 
purified is available at such a pressure that 
the partial pressure of the acidic gas con- 
stituent which must be removed is relatively 
10 high, it becomes possible to increase the tem- 
perature of the absorption stage. The pre- 
ferred cyclic process will then be either of 
the isothermal or the optimal type. 

The difference between the so-called isc- 
15 thermal cycle and the optimal cycle can most 
easily be shown in the case of a two stage 
absorption and regeneration process. In the 
usual two stage absorption and regeneration 
cycle, the total flow of spent scrubbing solu- 
20 tion is sent to the top of the regenerator, from 
where a major part of partially regenerated 
solution is withdrawn at an intermediate level, 
whereas the remaining minor part of solution 
is more fully regenerated. Only this minor 
25 part of "lean" solution is sent to the top 
of the absorber, while the major stream of 
"semi-lean" solution is recycled to the 
absorber at an intermediate level. 

In the so-called "isothermal" cycle only 
30 the minor stream of lean solution is cooled 
before being introduced at the top of the 
absorber, whereas the major stream of semi- 
lean solution is recycled to the absorber with- 
out any intermediate cooling whatsoever. In 
35 the "optimal" cycle, the minor stream of 
lean solution is cooled before recycling to the 
top of the absorber, in order to adjust the 
vapour pressure of the solution to a value 
corresponding to the required degree of puri- 
40 ficaticn, whereas the temperature of the semi- 
lean solution which is recycled to an inter- 
mediate level is adjusted by cooling to such 
a value that the optimal temperature profile 
for an efficient absorption process can be 
45 achieved. 

This optimal thermal profile is sometimes 
important in order to control or limit some 
unwanted side reactions. 

When the optimal cycle is to be applied to 
50 a single stage split-flow regeneration system, 
both the minor flow of regenerated solution 
which is recycled to the top of the absorber 
and the major flow of solution which is re- 
cycled to an intermediate level of the absorber 
55 are cooled although to different degrees. By 
comparison, in the so-called isothermal single 
stage split-flow system only the minor flow of 
regenerated solution is cooled, whereas the 
major flow of regenerated solution is recycled 
60 to an intermediate level of the absorber with- 
out cooling. 

It is already known that the overall heat 
requirement of these cyclic processes can be 
reduced if a dual-pressure regeneration system 
65 is used, in which the major part of the spent 



scrubbing solution is regenerated in a main 
regeneration column operating at a higher 
pressure level, while the minor part of the 
solution is regenerated in a second auxiliary 
regeneration column operating at a lower 70 
pressure level, by a flow of stripping steam 
which has been produced exclusively by 
flashing, following pressure let-down, of the 
major part of regenerated solution from the 
higher pressure level to the lower pressure 75 
level. 

According to this system essentially all the 
heat required in order to produce the strip- 
ping steam used for regeneration both in the 
higher pressure and in the lower pressure re- 80 
generation columns is introduced in the 
system at the higher pressure level, where 
the temperature increase of the solution 
serves as a heat storage from which upon 
pressure let-down to the lower pressure level, 85 
the stripping steam for the lower pressure re- 
generation column will be obtained. 

The thermal efficiency of this dual-pressure 
regeneration system increases when the pres- 
sure difference between the two pressure levels 90 
increases. As in general the acidic gases which 
are desorbed during the regeneration process 
have to be collected for further treatment, it 
is usually preferable to operate the lower 
pressure regeneration column at a pressure 95 
which is slighdy superatmospheric, so as to 
decrease the energy requirement for moving 
the desorbed gas to the next processing stage. 

This means that in practice the relative 
heat saving will be dependent on the increase 100 
of pressure, and therefore of temperature, at 
the column operating at the higher pressure 
level. 

This increase in temperature sometimes 
constitutes an important drawback in view of 105 
some well known undesirable side-reactions 
such as the thermal degradation of various 
scrubbing agents, notably the alkanokmines 
or amincacids, or the formation of formates, 
as well as a more important risk of corrosion. 1 

According to a modification of the above 
mentioned dual-pressure regeneration process, 
part of die stripping steam required in the 
column operating at the lower regeneration 
pressure can be produced in a solution re- 1 
boiler operating at said lower regeneration 
pressure level. If therefore milder operating 
conditions are desired, it is no longer required 
that the major part of the solution should be 
regenerated at the higher pressure level nor 1 
is it necessary to increase the pressure in the 
higher pressure level to the same extent. 

However such decreases of the severity of 
operation can only be obtained at the expense 
of an increase of the overall heat require- I 
ment. This increased heat requirement is 
introduced in the system through two solu- 
tion reboilers, one at the higher pressure level 
and one at die lower pressure level. In this 
two-reboiler version of the dual-pressure re*- 1 
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generation system, the specific problems 
associated with solution reboilers, i.e. risk of 
solution overheating and reboiler corrosion 
are increased in relation to the increased re- 
5 boiler duty. 

According to the present invention, it was 
found that, contrary to all expectations, the 
severity of operation and the overall heat 
requirement can be decreased simultaneously 

10 together with a reduction of the solution re- 
boiler duty. 

Thus, according to one feature of the pre- 
sent invention, there is provided a process for 
the regeneration of regenerable aqueous scrub- 

15 bing solutions which are used for the bulk 
removal of acidic gases, by absorption from 
gas mixtures containing these acidic gases, in 
a cyclic process in which said aqueous scrub- 
bing solutions are regenerated in a regenera- 

20 tion system by steam stripping before being 
recycled to the absorption stage, a part of the 
scrubbing solutions being regenerated in a 
main regeneration section of the regeneration 
system^ whereas the other part of the scrub- 

25 bing solutions is regenerated in an auxiliary 
regeneration section of the regeneration 
system, said process comprising the steps of 
selecting the pressure in the auxiliary re- 
generation section independently from the 

30 pressure in the main regeneration section and 
obtaining at least a part of the stripping steam 
required in the auxiliary regeneration sec- 
tion through flashing of the scrubbing solu- 
tion in a reduced pressure zone connected 

35 to the suction side of a steam-jet thermo- 
compressor, the mixture of thermocompressor 
motive steam and recompressed flashed vapour 
being directly discharged into said auxiliary 
regeneration sect ion . 

40 in a particular embodiment of the process 
according to this mvention, the pressure in 
the auxiliary regeneration section is 
lower than the pressure in the main re- 
generation section. Preferably a part of the 

45 stripping steam required in said auxiliary 
regeneration section is obtained by direct 
flashing of the scrubbing solution upon pres- 
sure reduction from the higher pressure of 
the main regeneration section to the lower 

50 pressure of the auxiliary regeneration section. 
Contrary to the known practice, it was sur- 
prisingly found that the pressure in the 
auxiliary regeneration section may also, 
according to this invention, be equal to or 

55 higher than the pressure in the main re- 
generation section. 

A particular embodiment of the process 
according to this invention enables a sub>- 
stantial improvement of the thermal efficiency 

60 of the regeneration procedure, due to the fact 
that the stripping steam required at the lower 
regeneration pressure * level is only partially 
obtained through flashing resulting from a 
pressure let-down of the scrubbing solution 

65 from the higher pressure regeneration section 



to the lower pressure regeneration section, 
whereas the remainder of the stripping steam 
required in the said lower pressure regenera- 
tion section is obtained through additional 
flashing of the scrubbing solution to a still 
lower pressure level and recompression of the 
flashed vapour mixture by way of a steam- 
jet thermocompressor. This technique avoids 
all risk of solution overheating in an additional 
solution reboiler, and recovers in the form of 
useful stripping vapour a certain amount of 
heat stored in the solution which would 
otherwise be lost in the coolers which are 
used to trim the temperature of the solution 
before recycle to the absorber. 

According to an additional feature of the 
invention, the flashing to the reduced pres- 
sure induced by the operation of the steam- 
jet ejector is performed on a partially or 
totally regenerated scrubbing solution obtained 
from either the main regeneration section or 
the auxiliary regeneration section. 

According to another feature of the inven- 
tion, a part of the mixture of thermocom- 
pressor motive steam and recompressed 
flashed vapour is discharged in the main 
regeneration section. 

Other details and features of the invention 
will appear from the following detailed des- 
cription, wherein reference is made to Figures 
1 to 4 of the attached drawings which repre- 
sent flow diagrams illustrating, by way of 
non-limitative examples, four embodiments 
of the process according to this invention. 

In the following description, reference is 1 
made, by way of example, to a specific 
operation, i.e. the bulk removal of C0 2 from 
gas mixtures, using, as scrubbing solution, 
an aqueous concentrated solution of potas- 
sium carbonate containing known appropro- 1 
priate additives. 

The flow diagram shown in Figure 1 
refers to an optimal cycle of regeneration of 
the spent scrubbing solution, which due to 
the possibility of selective temperature adjust- 1 
ment of both the lean and the semi-lean 
scrubbing solution streams allows enough 
flexibility to achieve the desired temperature 
profile in the absorber. 

It is thus possible to keep* constant the I 
spent solution oudet conditions in the absorp^- 
tion stage even when modifications in the 
regeneration section tend to> modify the tem- 
perature of the semi-lean and lean scrubbing 
solution streams which are to be recycled. I 

The process gas which has to be purified 
is introduced by line 30 at the base of the 
absorber 1 and leaves the top of said absorber 
by line 31 after acidic gas removal. 

The hot spent scrubbing solution leaving 1 
the bottom of absorber 1 through line 21 is 
sent partly to a main regeneration column 2 
through a pressure let-down valve 52 and line 
22 and partly to an auxiliary regeneration 
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column 3 through a pressure let-down valve 
53 and a line 23. 

In the flash zone 7 of the main regenera- 
tion column 2 which operates at the higher 

5 pressure level, a certain amount of steam and 
acidic gas is given off, while the remaining 
solution, which has been cooled by flashing 
to its boiling temperature under the prevail- 
ing pressure, flows downward towards the 

10 stripping zone 15. 

In this stripping zone the solution flows 
counter-currendy to the stripping steam and 
is progressively heated by said stripping 
steam, thereby maintaining the solution at its 

15 boiling temperature as it progressively re- 
generates. 

Part of the solution is withdrawn at an 
intermediate level from draw-off pan 40 after 
having been partially regenerated, whilst the 

20 remainder of the solution flows down through 
the stripping section 16 to the base of the 
main column 2 where it is heated in the solu- 
tion reboiler 90. 
The fully regenerated "lean" solution 

25 leaving the base of the regeneration column 
2 by line 25 flows through the pressure 
reducing valve 57 to the expansion vessel 4 
which is maintained at the same pressure as 
the base of the auxiliary regeneration column 

30 3. The flashed gas mixture liberated in 4 
flows to the lower part of column 3 where it 
is used as stripping steam, whereas the lean 
solution, which has been cooled by flashing, 
leaves vessel 4 by line 26 and flows to 

35 exchanger 99 where it preheats the regenera- 
tion condensate before being pumped by 
pump 81 to the top of the absorber 1 after 
temperature adjustment in cooler 91. 

The partially regenerated " semi-lean " 

40 solution which is withdrawn from draw-off 
pan 40 flows through the pressure reducing 
valve 56 and line 24 to the flash zone 9 at 
the base of the auxiliary column 3. 

The gas mixture which is generated by 

45 flashing, mixes with the vapour coming from 
expansion vessel 4 and flows upwards in 
column 3 where it is used as stripping steam. 

At the top of said auxiliary column 3, the 
solution which has been fed through a pres- 

50 sure let-down valve 53 flows through a flash 
zone 8 towards a regeneration section 17 
where it is regenerated by the flow of strip- 
ping steam which rises from the base of the 
column. 

55 After regeneration, the solution which col- 
lects in a draw-off pan 41 is withdrawn 
through a line 271 and mixes with solution 
from the flash zone 9 which flows through a 
line 27. These combined streams flow through 

60 a pressure reducing valve 58 to an expansion 
vessel 5 which is connected to the suction 
side of a steam-jet thermocompressor or 
ejector 80. The steam-jet ejector 80 is 
operated by the motive steam supplied by a 

65 line 34. in order to maintain in the expansion 



vessel 5 a suction pressure which is lower 
than- the pressure prevailing in the auxiliary 
regeneration column 3, while the discharge 
pressure of the ejector 80 is adjusted so that 
the mixture of flashed vapour exhausted from 70 
expansion vessel 5 is recompressed to the 
pressure prevailing in the auxiliary regenera- 
tion column 3. 

The recompressed mixture of flashed 
vapour and motive steam is delivered through 75 
line 35 to the auxiliary regeneration column 
3 where it is used as stripping steam. 

Hie total amount of stripping steam avail- 
able in the auxiliary stripping column 3 will 
thus be made up in part of the steam liber- 80 
ated by flashing of the solution supplied from 
the main stripping column 2, through lines 
24 and 33 and in part by the mixture of 
flashed vapour and motive steam provided 
by the steam-jet thermocompressor 80 through 85 
line 35. 

Depending on the relative pressure dif- 
ferences which exist between the columns 2 
and 3 on the one hand, and the column 3 
and expansion vessel 5 on the other hand, the 90 
relative amounts of these steam supplies will 
vary in importance. 

After flashing in expansion vessel 5, the 
semi-lean solution flows through a line 28 
and is pumped by a pump 82 to an inter- 95 
mediate level of the absorber 1 through a line 
281 and a cooler 92 where its temperature 
can be adjusted to the desired value. The 
mixture of desorbed acidic gas and residual 
stripping steam at the top of the auxiliary 100 
column 3 flows through a line 32 where it 
mixes with the desorbed acidic gas and steam 
mixture released by the main column 2 
thr ough a p r essure redu cing valve 54. 

The combined flows are cooled in a cooler 105 
93 where the major part of the steam con- 
denses. The regeneration condensate which 
is collected in a reflux drum 6, from where 
the acidic gas leaves the unit, through a line 
37, flows through a line 29 to a pump 83. 110 
After preheating in an exchanger 99, it is 
either delivered through a valve 51 to a boil- 
ing kettle 95 where it is vapourized to pro- 
duce motive steam to be used in the steam 
ejector, or returned through a valve 62 to 115 
the main regeneration column 2 as process 
reflux, or if desired evacuated out of the 
system through a valve 63. Purging of the 
steam ketde 95 occurs through the blow 
down valve 46. The preheating of the con- 120 
densate which in this case occurs in an 
exchanger 99, can be realized in various ways. 

Sometimes it is preferred to remver for 
this purpose the heat contained in the acidic 
gas-stream mixture of line 32 before it is 125 
cooled in exchanger 93, or it may be chosen 
to use the hot semi-lean solution of line 28 
as the heating medium. These various modi- 
fications have in common that the preheating 
of the condensate is achieved with heat which 1 30 
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is available within the regeneration system, 
in order to reduce the overall external heat 
requirement. If a separate cooler and con- 
densate drum are provided for the overhead 
5 vapour from column 2, it is possible to avoid 
any pressure reduction of said acidic gas 
stream, which can thus be delivered at the 
same higher pressure level at which, it has 
been desorbed. 

10 When the process feed gas which has to be 
purified in absorber 1 is available at a sum- 
ciendy high temperature as is die case for 
some industrial process gases, it can con- 
veniently be used as the heat'ng medium in 

15 kettle 95 where the mo tive steam can be pro- 
duced. As the motive steam is usually 
required at a pressure of 5 to 6 kg/cm 2 , the 
temperature of the process gas leaving the 
kettle 95 through line 36 will still be high 

20 enough to be used as heating medium in the 
solution reboiler 90. 

After having passed through the heating 
coils 36 of the reboiler 90, die process gas 
has to be cooled further and this can for 

25 instance occur in a boiler feed water heater. 
After such a series of cooling operations, 
the process gas can then be introduced in the 
absorption column 1 through line 30. 

When the process gas which must be puri- 

30 fied is available at a lower temperature, as is 
the case with some natural gas streams, it is 
usually more convenient to use medium or 
low pressure steam as a heating medium in- 
the solution reboiler 90 and the steam ketde 

35 95- 

The flow-sheet of figure 1 shows clearly the 
difference between the process according to 
this invention and the previously known 
dual-pressure regeneration methods, accord- 

40 ing to which the solution from the auxiliary 
column 3, which operates at the lower pres- 
sure level, flows directly through the lines 27 
and 271 to the line 229, through valve 59 
and pump 82 from where it is returned to the 

45 absorber 1 after temperature adjustment in 
cooler 92. 

One obvious difference between the two 
methods of operation is that in the new 
method of this invention part of the cooling 

50 of the solution is realized in expansion vessel 
5 and that consequently an important part 
of the heat which must otherwise be wasted 
in cooler 92 is recovered in a useful manner 

^ by way of the steam-jet thermocompressor 

An advantage of the process according to 
this invention is that this heat saving can be 
used either to decrease the overall heat 
requirement of the system or to decrease the 

60 severity of the operating conditions without 
however increasing the heat consumption. 

Further research has shown that the same 
overall thermal efficiency can be achieved 
even if the pressure difference between the 

65 main regeneration column 2 and the auxiliary 



regeneration column 3 is reduced, provided 
that a sufficient pressure difference is applied 
by the steam-jet thermocompressor between 
the expansion vessel in which the solution 
flashes and the regeneration column in which 70 
the recompressed flashed mixture is dis- 
charged. 

It is thus possible, as shown in figure 2, to 
adjust the flow-sheet of the regeneration 
process in such a way that the direct flashing 75 
of the solution from the pressure level of the 
main regeneration column 2 to the pressure 
level of the auxiliary regeneration column 3 
is avoided, so that all the flashing occurs 
upon pressure let-down between the pressure 80 
levels of either one of the two regeneration 
columns and the pressure level of an expan- 
sion vessel connected to the suction side of 
a steam-jet ejector. 

As the transfer of heat and of stripping 85 
steam from the main regeneration column 2 3 
which receives the reboiler heat, to the 
auxiliary column 3 which has no reboiler is 
now controlled by the operation of steam-jet 
thermocompressors 80 and 88, it becomes 90 
possible to vary the relative pressure levels 
of the main and of the auxiliary columns in 
such a way that, if desired, the main re- 
generation column 2 with solution reboiler 
90 may operate at a lower pressure level than 95 
the auxiliary regeneration column 3. 

It has also been found that it is possible 
to adjust the operating conditions so that the 
reboiler heat duly of the solution reboiler 
90 of the main regeneration column 2 is 100 
decreased to such an extent that less than 
half of the total heat requirement for the 
production of stripping steam in the regenera- 
tion system is supplied through the solution 
reboiler. Although it is always possible to 105 
eliminate completely the solution reboiler by 
using live steam, such a practice requires that 
an equivalent quantity of process condensate 
should be removed from the system. The 
reduction of reboiler duty to which reference 1 10 
is made corresponds to a water balance of 
the regeneration system which is maintained 
in equilibrium, so that there is no need to 
evacuate process condensate out of the system. 

As shown in Figure 1 and 2, the spent 1 1 5 
scrubbing solution from the absorber 1 is 
split in two fractions which are regenerated 
separately, in two regeneration columns 2 
and 3. As the pressure may be adjusted inde- 
pendendy on each column, it also follows that 1 20 
the two fractions of desorbed acidic gas may 
be obtained at two different pressure levels. 

This implies that, for the fraction which 
is obtained at the higher pressure level, the 
cost of recompression for further processing 125 
is decreased. 

As shown in Figure 2, the two streams of 
desorbed acidic gas from columns 2 and 3 
are cooled separately in coolers 93 and 96 and 
evacuated through separate lines 37 and 39. 130 
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The process condensates which have been 
collected separately in two different reflux 
drums 6 and 10 may however conveniently 
be mixed in line 29 for further reuse. 

5 If it is desired to obtain the totality of the 
desorbed acidic gas at the same pressure, it 
may be more advantageous to deliver all the 
spent scrubbing solution corning from the 
absorber 1 to a single flashing zone after 

10 which one fraction of the flashed solution will 
be regenerated in the main regeneration 
column 2 and a second fraction will be re- 
generated in the auxiliary column 3, in which, 
according to the present invention, the strip- 

15 ping steam is supplied either exclusively or 
partially by flashing of the solution which has 
been induced by a pressure reduction pro- 
duced by a steam-jet ejector which also re^- 
compresses the flashed vapour mixture to the 

20 required pressure level, the other part of the 
steam supply being obtained by flashing of 
the solution upon pressure let-down from the 
higher regeneration pressure level to the lower 
regeneration pressure level. 

25 Further research has shown that the process 
of this invention also applies if, after the 
initial flashing of the single stream of spent 
solution coming from the absorber 1, some 
regeneration has been performed in the main 

30 regeneration column and the separation of 
the solution in two fractions occurs in the 
form of the withdrawal of a side-stream of 
already partially regenerated solution which 
is then further regenerated separately in an 

35 auxiliary column with stripping steam which 
is supplied according to the method of this 
invention. 

For a better understanding of this embodi- 
ment of the invention, reference is made to 

40 figure 3 of the drawings. 

The spent scrubbing solution leaving the 
base of absorber 1 by line 21 flows through 
the pressure reducing valve 52 to the main 
regeneration column 2. After flashing in the 

45 flash zone 7, the solution flows downwards to 
the regeneration zone 18. A first part of the 
partially regenerated solution is withdrawn 
from draw-off plate 42, whilst the remainder 
of the solution flows to the regeneration zone 

50 * 15. A second fraction of the solution may be 
withdrawn from the column at the draw-off 
plate 40, and the remainder of the solution 
flows to the regeneration section 16, and from 
there to the solution reboiler 90, and the 

55 bottom of the regeneration column 2. 

According to the embodiment of the 
invention, as represented in Figure 3, the 
auxiliary regeneration column 3 is situated at 
a lower elevation level than the draw-off pan 

60 42. The first fraction of solution, withdrawn 
from draw-off pan 42, flows through line 23 
to the valve 53 and auxiliary column 3. The 
difference in level between draw-off pan 42 
and the auxiliary regeneration column 3 can 

65 easily be adjusted so that the hydrostatic head 



created in line 23 is sufficient to overcome the 
higher operating pressure which is main- 
tained in the auxiliary column 3. 

As the solution coming from draw-off plate 
42 enters in column 3, there is no flashing in 70 
flash zone 8, because of the higher operating 
pressure. In the auxiliary column 3, the solu- 
tion flows to the regeneration zone 17, where 
it is heated to its boiling temperature under 
the prevailing higher pressure, and regenerated 75 
by the counter-current stream of stripping 
steam which rises from the base of the column 
3. 

The stripping steam and the desorbed 
acidic gas flow through line 321 and valve 55 80 
to the main regeneration column 2. The re- 
generated solution which collects at the base 
of column 3 flows through line 27 and pres- 
sure reduction valve 58 to the expansion 
vessel 5 which is connected to the suction 85 
side of the steam-jet ejector 80, which main- 
tains in said vessel the desired lower pres- 
sure. 

The vapour mixture which is given off by 
flashing is recompressed in the steam-jet 90 
thermocompressor 80 and discharged together 
with the motive steam through line 35 at 
the base of the auxiliary column 3. 

The flashed solution collecting at the base 
of expansion vessel 5 flows through line 28 95 
and is pumped by pump 82 to an intermediate 
level of absorber 1 after temperature adjust- 
ment in cooler 92. A second fraction of par- 
tially regenerated solution which may be 
withdrawn from the main regenerator 2 at 100 
draw-off pan 40 flows through pressure 
reducing valve 56 and line 24 to the expan- 
sion vessel 5 where the flashed vapour mix- 
ture is evacuated and recompressed by the 
steam-jet ejector 80 which dischages through 105 
line 35 in column 3. The lean solution which 
collects at the base of the main regeneration 
tower 2 flows through line 25 and pressure 
reducing valve 57 to the expansion vessel 4 
which is connected to the suction side of 110 
steam-jet ejector 88. The flashed vapour mix- 
ture is evacuated and recompressed by the 
steam-jet ejector 88 to the pressure prevail- 
ing in column 3 and the mixture of motive 
steam and recompressed flashed vapour is 115 
discharged through line 33 and valve 60 to 
the auxiliary column 3. 

The supply of stripping steam in the 
auxiliary regeneration column 3 is thus made 
up of the discharge flow of the steam-jet 120 ^ 
thermocompressors 80 and 88. 

As shown in Figure 3, it is possible, if 
the total stripping steam supply exceeds the 
requirements of column 3, to discharge part * 
or all of the output of the steam-jet thermo- 125 
compressor 88 to column 2 through valve 61. 

The lean flashed solution in expansion 
vessel 4 flows through line 26 to pump 81 
and is pumped in split-flow partly through 
line 261 to the top of the absorber 1 after 130 
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cooling in cooler 91, and partly through line 
262 to an intermediate level of the absorber 
1 after temperature adjustment in cooler 94. 
At the top of the main regeneration column 
5 2, mixture of desorbed acidic gas and over- 
head steam is cooled in the overhead cooler- 
condenser 93. The acidic gas is evacuated 
from the condensate reflux drum 6 through 
line 37. The regeneration condensate flows 
10 through line 29 and pump 83 to the steam 
ketde 95. 

^ The application of the invention is not 
limited to the regeneration of one single 
scrubbing solution. It is also suited for 
15 improving the regeneration of an acidic gas 
scrubbing system where two different scrub- 
bing solutions are used, in order to achieve 
a more complete removal of the acidic gas. 

Reference is made to Figure 4 of the draw- 
20 ings which shows the flow-sheet of a C0 2 
removal unit, in which a first scrubbing solu- 
tion is used for the removal of the major frac- 
tion of the acidic gas, and where a second 
aqueous solution is used to remove more 
25 completely the remaining fraction of acidic 
gas. 

The first scrubbing solution is for instance 
a potassium carbonate solution containing 
any of the usual activating additives, such as 

30 diethanolamine, while the second solution 
may be another aqueous solution capable of 
reducing more effectively the residual partial 
pressure of the acidic gas in the process gas 
which must be purified. It is most convenient 

35 to use as second scrubbing solution an aqueous 
solution of diethanolamine or an aqueous solu- 
tion of the potassium salt of an aminoacid 
such as dimethylglycine. 

The process gas stream containing the 

40 acidic gas is introduced through line 30 at 
the base of the absorber 1, where it flows 
upwards successively through a first absorp- 
tion zone 14 which is usually maintained at 
a temperature close to the atmospheric boil- 

45 ing temperature of the solution and a second 
absorption zone 12 which is maintained at a 
significandy lower temperature, and leaves 
the top of the absorber 1, after purification 
through line 31. 

50 The spent hot scrubbing solution from the 
first absorption zone 14 collects at the base 
of the absorber 1 and flows through line 21, 
in part to the main regeneration column 2 
and in part to the auxiliary column 3. The 

55 part of the solution which flows to column 
2 through the pressure reducing valve 52 
and line 22 flashes in flash zone 7 and flows 
towards the regeneration zone 15 where it is 
regenerated by the stripping steam rising 

60 from the lower part of the column, and col- 
lects in draw-off pan 40. This regenerated 
solution leaves column 2 through line 24 and 
flows through the pressure reducing valve 56 
to the expansion vessel 5 which is main- 



tained at the lower pressure by the suction 
side of the steam-jet ejector 80. 

The second part of the scrubbing solution 
from line 21 flows through the pressure 
reducing valve 53 and line 23 to the auxiliary 
column 3, where after passing through the 70 
flash zone 8 it flows downwards to die re- 
generation zone 17, counter-currently to the 
rising flow of stripping steam. The re- 
generated solution collects at the base of 
column 3 and flows through line 27 and the 75 
pressure reducing valve 58 to the expansion 
vessel 5, where the steam-jet ejector 80 
maintains a lower pressure. 

The total flow of the first scrubbing solu- 
tion is thus collected in expansion vessel 5 80 
and flows through line 28 to pump 82 from 
where it is recycled to the first absorption 
zone 14 of absorber 1, after temperature 
adjustment in cooler 92. 

The second scrubbing solution from the 85 
colder second absorption zone 12 leaves the 
absorber 1 at draw-off pan 43 by line 20, and 
flows to the heat exchanger 100 where it is 
reheated by the recycled regenerated solu- 
tion, and from there through the pressure 90 
reducing valve 64 to the lower regeneration 
section of the main regeneration column 2. 
After flashing in flash zone 9, it flows to the 
regeneration zone 16 and to solution reboiler 
90 where the stripping steam is produced. 95 
The regenerated solution leaves the base of 
column 2 by line 25 and flows through pres- 
sure reducing valve 57 to expansion vessel 4 
where a lower pressure is maintained by the 
suction side of the steam-jet ejector 88. i 00 

The flashed vapour is evacuated and re- 
compressed by the steam-jet ejector 88 
which discharges the mixture of motive steam 
and recompressed flashed vapour through line 
33. * ' 105 

Depending on the relative steam require- 
ments of the two regeneration columns 2 and 
3, it is possible to supply the stripping steam 
mixture produced by thermocompressor 88 
to either column, or to apportion part of 110 
it to each. 

After flashing, the regenerated solution 
leaves expansion vessel 4 through line 26 and 
is pumped by pump 81 to heat exchanger 
100 where it preheats the spent solution of 115 
line 20 which flows towards the regeneration 
section. After final temperature adjustment 
in cooler 91 it is returned to the second 
absorption zone 12 of the absorber 1. 

The acidic gas which has been desorbed in 1 20 
the auxiliary column 3 is cooled in cooler 96 
and is evacuated from the condensate reflux 
drum 10 by line 39, whereas the acidic gas 
desorbed in the main column 2 flows through 
line 32 to heat exchanger 99 where it pre- 125 
heats the process condensate and then to 
cooler-condenser 93. It leaves the con- 
densate drum 6 through line 37. The re- 
generation condensate from the two con- 
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densate drums 10 and 6 flows to- pump 83 
and after preheating in heat exchanger 99, 
is sent to vapourizing kettle 95 or may also 
be returned to the process as reflux through 

5 valve 62. The steam produced in kettle 95 
is delivered as motive steam in steam collector 
34 for the steam-jet ejectors 80 and 88. 

It will be noted that in column 2 the strip- 
ping steam required in the second regenera- 

10 tion zone 16 is obtained mainly by reboiling 
the second stripping solution in reboiler 90. 

After passing through this lower regenera- 
tion zone 16, the mixture of stripping steam 
and acidic gas which has been desorbed in 

1 5 said zone flows upwards to the first regenera- 
tion zone 15 where it is used to regenerate 
the first scrubbing solution. As in the absorber 
1 only a minor fraction of the acidic gas has 
been absorbed in the second scrubbing solu- 

20 tion, the quantity of acidic gas in the strip- 
ping steam emerging from the second re- 
generation zone 16 remains small, and said 
stripping steam mixture can be used efficiently 
in the first regeneration zone 15. 

25 The stripping steam required in the 
auxiliary column 3 is supplied by the dis- 
charge of the thermocompressors 80 and 88. 

As it was indicated previously, the inven- 
tion makes it possible to select for each re- 

30 generation column the most appropriate pres- 
sure level, as the determining factor is the 
pressure difference which is applied between 
each of the regeneration columns and the 
expansion vessels. 

35 As already pointed out, it has been chosen 
to describe the various single solution flow- 
sheet modifications with reference to an 
absorber operating always under the same ter- 
minal conditions (temperature of top and 

40 bottom of the absorber), according to an 
" optimal " cycle which incorporates the pos- 
sibility of temperature adjustment of all the 
recycled solution streams. This particular 
feature was chosen only for the purposes of 

45 a meaningful comparison of the various modi- 
fications. 

It is however clear to anyone skilled in the 
art that the application of the invention is 
not limited to a so-called "optimal 55 absorp- 

50 tion cycle. The benefits of the invention, 
which refers specifically to the regeneration 
of the scrubbing solution, are equally applic- 
able to any other operating conditions of the 
absorber, whether a temperature adjustment 

55 or cooling of the recycled solution streams is 
applied or not. The invention refers in fact to 
the method according to which the spent solu- 
tion stream or streams is or are regenerated 
before recycling. 

60 The following examples which illustrate the 
invention refer to the removal of C0 2 from 
an industrial process gas resulting from a 
catalytic steam reforming of natural gas, and 
which after C0 2 removal will be used for the 

65 synthesis of ammonia. 



It is well known that C0 2 is an acidic gas 
for which the kinetics of absorption and 
desorption are relatively slow, as a result of 
which the regeneration of the spent scrubbing 
solution is somewhat more difficult than in 70 
the case of other acidic gases such as H 2 S. 
It is thus appropriate to illustrate the inven- 
tion with reference to a C0 2 removal process. 

EXAMPLE 1 

Reference is again made to Figure 1 of 75 
the drawings which shows a cyclic acidic gas 
removal process, in which an aqueous potas- 
sium carbonate scrubbing solution is used. 
The process gas stream from which C0 2 . 
must be removed is available at a tempera- 
ture of 250°C, a pressure of 27.5 kg/cm 2 , 
and a flow rate of 45,700 Nm 3 /hr (dry basis). 
It contains 0.44 Nm 3 of water vapour per 
Nm 3 of dry gas. 

As an inlet temperature to the absorber of 
80°C is desired, it is customary to recover 
the heat contained in the process feed gas by 
use of one or more heat exchangers, which 
may if desired be used to supply part or all 
of the heat requirements of the acidic gas 
removal system. For instance the hot process 
gas may be used first to produce low pres- 
sure steam at a pressure of 6 kg/cm 2 in the 
steam kettle 95 in which it enters through 
line 47. The process gas leaving kettle 95 
through line 36 may then be sent to the solu- 
tion reboiler, for the production of stripping 
steam in the main regeneration column 2, 
after which it may be further cooled to 80°C 
in a boiler-feed water heater (not shown). 

The relative quantities of steam produced 
in kettle 95 and solution reboiler 90 will 
depend on the intermediate temperature of 
the process gas in line 36. For a temperature 
of 167°C, the steam production in kettle 95 
will amount to 5900 kg/hr. 

Before entering the absorber 1 which 
operates at a pressure of 27 kg/cm 2 , the con- 
densate which has been formed upon cooling 
of the feed gas is removed in a separator 1 
drum (not shown). 

The process gas which enters the absorber 
1 through line 30 contains 17.6% by volume 
of CO £ . The C0 2 which is absorbed by the 
scrubbing solution reacts with the potassium 1 
carbonate to form potassium bicarbonate 
according to the reaction : 

K 2 C0 3 +C0 2 +H 2 0^>2 KHCO s 

The scrubbing solution thus contains a mix- 
ture of unconverted potassium carbonate and 1 
of potassium bicarbonate. The relative pro- 
portions of K 2 COo and KHCO s are indicated 
by the percent conversion. 

The "potassium bicarbonate fraction 55 or 
"percent conversion 55 as used herein means i 
the proportion of original K^C0 3 expressed 
in percent which has been converted to potas- 
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sium bicarbonate by reaction with C0 2 . For 
example, a solution having a percent con- 
version of 20% is obtained by the conversion 
of 20 mols percent of the potassium carbon- 
5 ate content of the original solution to potas- 
sium bicarbonate, such that the ratio of the 
potassium ions present as K 2 C0 3 to the 
potassium ions present as KHC0 3 is 80/20. 
Since two mols of KHC0 3 are produced for 

10 each mol of K 2 C0 3 , the mol ratio of K 2 CO s / 
KHC0 3 at 20% conversion is 80/40. As 
used herein the concentration of the solution, 
indicated as weight percent potassium 
carbonate, is referred to the original solution 

15 free from bicarbonate, i.e. with zero percent 
conversion. 

The spent scrubbing solution which collects 
at the base of absorber 1 has a concentration 
of 29% by weight of K 2 CO s and contains in 

20 addition to the usual corrosion inhibitors 3% 
by weight of diethanolamine. As the process; 
feed gas flows upwards in the absorber 1 
through the absorption zones 14 and 12, it 
is scrubbed by the hot semi-lean solution 

25 which is introduced at an intermediate level 
and by the cooled lean solution which is 
introduced at the top of the absorber at a 
temperature of 80°C. The residual C0 2 con- 
tent of the cleaned process gas which leaves 

30 the absorber at a temperature of 80°C 
through line 31, is not more than 0.1 % by 
volume. 

The lean solution which has a conversion 
of 22% is introduced in the absorber at a 

35 flow rate equivalent to 18% of total flow rate 
of the spent scrubbing solution. The semi-lean 
solution which is introduced in the absorber 
at a temperature of 101 °C and a flow rate 
corresponding to 82% of the total flow rate of 

40 the spent scrubbing solution has a conversion 
of 42.8%. 

The spent scrubbing solution which leaves 
the base of the absorber 1 through line 21 
at a flow rate of 378,000 kg/hr has a con- 

45 version of 84% and a temperature of 108°C. 
The load factor of the solution corresponds 
to 0.45 mole of C0 2 per mole of K 2 CO s , 
which is equivalent to an overall percent con- 
version change of 45 %. 

50 The spent scrubbing solution flow is 
divided in two parts. The major fraction of 
60% flows through pressure reducing valve 
52 and line 22 to the main regeneration 
column 2 and flash zone 7, where the operat- 

55 ing pressure is set at 1.9 kg/cm 2 . The minor 
fraction of 40% flows through pressure reduc- 
ing valve 53 and line 23 to the auxiliary re- 
generation column 3 and flash zone 8 where 
the pressure is set at 1.3 kg/cm 2 . In the main 

60 regeneration column 2, the solution flows 
downwards, after flashing, towards the re- 
generation zone 15 where it is scrubbed by 
the countercurrent flow of stripping steam 
which desorbs the acidic gas. 

65 At the draw-off pan 40, a fraction of 70% 



of the partially regenerated solution flow is 
withdrawn at a temperature of 120 D C and 
conversion of 46.3%, while the remaining 
fraction of 30% flows downwards to regenera- 
tion zone 16 and the solution reboiler 90. 70 
The heat which is supplied in the reboiler 90 
by the hot feed gas supplied by line 36, upon 
cooling from 167°C to 128°C corresponds 
to a steam production of 10,300 kg/hr which 
satisfies the stripping steam requirement in 75 
the main regeneration column 2. The C0 2 
desorption rate in column 2 corresponds to 
60% of the total acidic gas removal rate of 
8,000 NmVhr of CO,. The stripping steam 
requirement in column 2 thus corresponds to 80 
approximately 2.14 kg of steam per Nm :! of 
C0 2 desorbed in the column. Part of the 
steam which is supplied at the base of the 
column is condensed in the regeneration zone 
in order to satisfy the endothermic desorp- 85 
tion heat requirement and also in order to 
maintain the solution at its boiling tempera- 
ture. The remainder emerges at the top of 
the column as residual stripping steam. 

In view of the fact that the heat content 90 
of the steam supply may vary according to 
the temperature and pressure of the system, 
it is preferable to refer to the regeneration 
heat requirement in terms of kilocalories per 
Nm 3 of desorbed C0 2 , which in this case 95 
corresponds to 1,165 kc/Nm 3 C0 2 . 

The lean solution which collects at die 
base of column 2 at a temperature of 125 °C 
has a conversion of 22 %. 

The minor fraction of 40% of the spent 100 
scrubbing solution in the auxiliary column 3 
must be regenerated to a conversion of 39% 
in order to achieve the specified load factor 
or overall percent conversion change of 45%. 

The heat requirement for this regeneration 105 
duty corresponds to 1^090 kc/Nm 3 of C0 2 
desorbed in the auxiliary column 3, or 
approximately 6,400 kg of steam for the 
desorption duty of 3,200 Nm 3 G0 2 , i.e. 40% 
of the total acidic gas removal duty, which is 110 
to be performed in said auxiliary column. 

The semi-lean solution from draw-off pan 
40 flows at the rate of 156,000 kg/hr, i.e. 
42% of the total solution flow, through the 
pressure reducing valve 56 and line 24 to 115 
the flash zone 9 at the base of the auxiliary 
column 3 where the operating pressure of 
1.4 kg/cm 2 is slighdy higher than at the top 
of the column. By flashing the solution pro- 
duces 2,000 kg/hr of steam thereby cooling 120 
to 110°C. In addition to the steam, a small 
amount of C0 2 is released. Due to the slow 
kinetics of the desorption process the quantity 
of C0 2 which is given off by the flashing 
process is sufficiently small so that it does not 1 25 
interfere in a significant way with the re- 
generation process of the auxiliary column, 
and there is therefore no need, for the under- 
standing of this example, to take it in 
account. * 1 30 
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The lean solution which leaves the base of 
column 2 through line 25 and pressure reduc- 
ing valve 57, flows to expansion vessel 4 
where essentially the same pressure of 1.4 
5 kg/cm 2 prevails as in flash zone 9 at the base 
of column 3. Steam is generated by flashing 
at the rate of 1 3 000 kg/hr thereby cooling the 
solution to 113°C. 

The ratio of C0 2 to steam in the vapour 
10 mixture generated by flashing is in this case 
even smaller than in the case of the flashing 
of the semi-lean solution, and the small 
amount of C0 2 thus liberated can be 
neglected for the purpose of the present 
1 5 example. 

The total amount of flashed steam produced 
both in flash zone 9 and in expansion vessel 
4 corresponds to 3,000 kg/hr or approxi- 
mately 0.94 kg of steam per Nm 3 of COo 
20 desorbed in column 3. As the heat thus sup- 
plied only amounts to 506 kc/Nm 3 C0 2 , 
an additional heat input of 581 kc/Nm 3 C<5 2 
will be needed in order to satisfy the regenera- 
tion heat requirement. 
25 According to the present invention, this 
additional heat supply is obtained through use 
of theremocompressor 80 which is operated 
with motive steam from line 34 produced at 
a pressure of 6 kg/cm 2 in kettle 95 by 
30 vapourization of process condensate. 

The minor fraction of 40% of scrubbing 
solution which is regenerated in regeneration 
zone 17 of the auxiliary column 3 is collected 
on draw-off pan 41 at a temperature of 111°C 
35 and a percent conversion of 39%. 

It flows through line 271 and pressure 
reducing valve 58 to the expansion vessel 5, 
together with the semi-lean solution leaving 
the bottom of column 3 through line 27. 
40 This combined flow of 305,000 kg/hr pro- 
duces upon flashing to the reduced pressure 
of 1.2 kg/cm 2 which is maintained by the 
suction side of the steam-jet ejector 80 in 
vessel 5, 1,400 kg/hr of steam thereby cocl- 
45 ing the combined solution flow which has 
now a conversion of 42.8 % to 107°C. 

The motive steam at a pressure of 6 
kg/cm 2 used by the steam-jet ejector 80, in 
order to recompress the flashed steam to the 
50 pressure of 1.4 kg/cm 2 which exists at the 
base of column 3, amounts to 2,000 kg/hr. 

The combined flow of 3,400 kg/hr of re- 
compressed flashed steam and motive steam is 
discharged through line 35 at the base of 
55 column 3. As explained earlier, the small 
amount of COo liberated by flashing may 
also be neglected for the purpose of the pre- 
sent explanation; it may be noted that its 
relative importance is further decreased by 
60 the diluting effect of the motive steam. 

By use of this steam-jet thermocompressor 
80, which uses 1 kg of motive steam at a 
pressure of 6 kg/cm 2 to recompress 0.7 kg 
of flashed steam, thus producing 1.7 kg of 
65 stripping steam, the external heat supply 



which is required in order to satisfy the re- 
generation heat demand of column 3 amounts 
to 59 °o only of the additional heat demand 
of 581 kc/Nm 3 C0 2 . 

The external heat input thus amounts to 70 
341 kc/Nm 3 C0 2 of motive steam, the balance 
being obtained from the solution itself by 
flashing and recompression. 

The overall regeneration heat requirement 
of the cyclic process is defined by combining 75 
the external heat supply to the main re- 
generation tower 2 through the solution re- 
boiler 90, and the external heat supply to the 
auxiliary column 3 under form of motive 
steam. 80 

To the external regeneration heat supply 
in the solution rebodler of 1,165 kc/Nm 3 C0 2 
for the desorption of 4,800 Nm 3 /hr of C0 2 
in the main column 2, must be added 
the supply of 341 kc/Nm 3 C0 2 for 85 
the 3,200 Nm 3 /hr of C0 2 desorbed in the 
auxiliary column 3. This corresponds to an 
overall heat requirement of 836 kc/Nm 3 of 
C0 2 calculated on the basis of the total acidic 
gas removal duty of 8,000 Nm 3 /hr of C0 2 . 90 

The semi-lean solution which leaves expan- 
sion vessel 5 through line 28 is pumped by 
pump 82 through line 281 to the intermediate 
level of absorber 1, after having been cooled 
to 101°C in cooler 92. 95 

The lean solution from expansion vessel 4 
flows to heat exchanger 99, where it preheats 
the process condensate to 100°C. It is 
pumped by pump 81 through line 261 to the 
cooler 91 where it is cooled to 80°C and 100 
from there to the top of absorber 1. 

The desorbed CO* and the residual strips 
ping steam from the auxiliary column 3 flow 
through line 32 and cooler condenser 93 to 
the condensate separator drum 6 which are 105 
all maintained at essentially the same pressure 
level of 1.3 kg/cm 2 . The desorbed C0 2 from 
the main column 2, which represents 60% of 
the total C0 2 or 4,800 Nm 3 /hr flows together 
with the residual stripping steam through the 1 10 
pressure reducing valve 54 into line 32 where 
it mixes with the flow coming from the 
auxiliary regeneration column 3. The com- 
bined stream of 8,000 Nm 3 /hr of desorbed 
C0 2 is evacuated at a temperature of 60°C 1 1 5 
from the unit through line 37, while the over- 
head process condensate leaves vessel 6 
through line 29 at a rate of 7,400 kg/hr. The 
process condensate is pumped by pump 83 
to the exchanger 99, where it is heated from 120 
60°C to 100°C, after which part of it is sent 
to the kettle 95 to produce the required 
amount of motive steam for the steam-jet 
ejector 80 and the remainder is returned as 
process reflux to the main regeneration 125 
column, through valve 62. 

It is quite obvious that, if desired, the 
major flow of 4,800 Nmyhr of C0 2 which 
has been desorbed at a pressure of 1.9 kg/cm 2 
can easily be discharged from the acid gas 130 
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removal unit at this higher pressure by way 
of a suitable piping set up such as is illus- 
trated in figure 2. 
This example can easily be compared with 
5 the prior art practice of regeneration. 

It was indicated that the stripping steam 
demand of the auxiliary column 3 amounted 
to approximately 2 kg of steam per Nnr of 
C0 2 desorbed in the column, or a total of 

10 6400 kg/hr, whereas the steam produced 
upon flashing in flash zone 9 and expansion 
vessel 4 amounted only to 3000 kg/hr. The 
additional requirement of 3,400 kg/hr could 
of course be satisfied by way of a solution 

15 reboiler. 

Instead of sending the semi-lean solution 
streams from column 3 to the expansion vessel 
5, they could be circulated through a solu- 
tion reboiler, where an additional heat input 

20 of 581 kc/Nm 3 CO a would produce the 
required amount of additional stripping steam. 

As compared with the method of the inven- 
tion^ the use of the reboiler requires a greater 
heat input, together with the increased solu- 

25 tion temperature which prevails in a reboiler, 
as against a solution cooling in expansion 
vessel 5. 

According to another method of the prior 
art, it is possible to operate the cyclic process 

30 of Figure 1 without an additional reboiler or 
without use of the present invention, if the 
combined semi-lean solution flow from column 
3 is sent directly through line 229 to pump 
82. The operating conditions must then be 

35 modified in order to balance the steam 
demand and supply in column 3. If the same 
regeneration pressure levels of 1.9 kg/cm 2 
and 1.3 kg/cm 2 are maintained, the major 
fraction of solution regenerated in column 2 

40 must be increased to 76.2% and the solution 
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flow to the auxiliary column decreased to 
23.8%. 

The overall heat input to the system, which 
is now limited to the single solution reboiler 
90, has increased in the ratio of solution flow 45 
to the main column and corresponds to 888 
kc/Nm 3 C0 2 . It is however possible to 
increase the thermal efficiency of this method 
of operation by increasing the pressure on 
the main regeneration column in order to 50 
decrease as much as possible the heat loss 
resulting from the flashing in flash zone 7. 
If the pressure is increased to a value which 
is equivalent to the vapour pressure of the 
spent scrubbing solution, essentially no flash- 55 
ing would occur in flash zone 7. In the case 
of this example, a pressure of 3 kg/cm 2 
would be required. There is a corresponding 
increase of the heat requirement in column 
2, which now amounts to 1,435 kc/Nm 3 of 60 
desorbed C0 2 , but the overall heat require- 
ment is decreased to 865 kc/Nm 3 as only 
60.3% of the spent scrubbing solution must 
be regenerated in column 2. The temperature 
of the solution at the base of column 2 has 65 
however increased to 139°C. 

The data concerning Example 1 and the 
comparison with prior art practice are sum- 
marized in Table 1. Experiment No. 1 refers 
to the prior art practice as shown in Figure 1 70 
of the drawings, where the combined semi- 
lean solution streams leaving column 3 through 
lines 27 and 271 flow through line 229 
directly to pump 82 and are recycled to the 
absorber 1 without further treatment. Experi- 75 
ment No. 2 refers to the prior art practice 
where an additional reboiler is used for the 
auxiliary column 3. Experiment No. 3 refers 
to Example 1 of the present invention. 



TABLE 1 

Experiment No. 12 3 

1 Pressure at top of column 2/3 kg/cm 2 3/1.3 1.9/1.3 1.9/1.3 

2 Temperature at base of column 2/3 °C 139/111 125/111 125/m 

3 Total external heat input kc/Nm 3 C0 2 865 931 836 



EXAMPLE 2 
Reference is made to Figure 2 of the draw- 
ings. The same process feed gas and scrub- 
bing solution are used as in Example 1. The 
same amount of C0 2 is removed from the 
90 feed gas in absorber 1 where the operating 
conditions are the same as in Example 1, 
except for the following modification. The 
lean solution flow rate has been decreased to 
15%, of the equivalent total flow rate of spent 
95 scrubbing solution. Its temperature and con- 
version are maintained at 80°C and 22%. 
The semi-lean solution flow rate is now equi- 
valent to 85 % of the total flow rate of spent 
scrubbing solution. Its conversion is now 42% 
100 and the temperature 100°C. The spent scrub- 
bing solution collects at the base of the 
absorber at the same temperature and con- 



version of 108°C and 84% and its flow rate 
is unchanged at 378,000 kg/hr. The load 
factor of 0.45 mole C0 2 per mole K 2 C0 3 is 105 
unchanged. 

The spent scrubbing solution flowing 
through line 21 is split in two, equal fractions 
of 50% which are regenerated separately in 
the main regeneration column 2 and in the 110 
auxiliary column 3. The operating pressure 
of the main regeneration column is set at 1.3 
kg/cm 2 while the operating pressure of the 
auxiliary column is adjusted to the slightly 
higher pressure of 1.5 kg/cm 2 . The solution 115 
flowing through valve 52 and line 22 to the 
main regeneration column 2 flashes in flash 
zone 7 and flows to the regeneration zone 15. 
A fraction of 70% of the partially regenerated 
semi-lean solution with percent conversion 120 
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of 46.3% is withdrawn from draw-off plate 
40, at a temperature of 109°C and the 
remaining fraction of 30% equivalent to 15% 
of the total solution flow flows to regeneration 
5 zone 16 of the main regeneration column 2 
and the solution reboiler 90. 

After reboiling, the lean solution with a 
conversion of 22% and a temperature of 
115°C collects at the bottom of the column 
10 2. 

The second fraction of 50% of the spent 
scrubbing solution which flows through pres- 
sure reducing valve 53 and line 23 to the 
auxiliary regeneration column 3 flashes in 

15 flash zone 8 and flows towards the regenera- 
tion zone 17. 

The semi-lean solution from column 3 
must be regenerated to a conversion of 39% 
in order to achieve the specified overall per- 

20 cent conversion change of 45%. This requires 
a regeneration heat supply of 1,115 kc/Nm 3 
of C0 2 desorbed in the column 3, which is 
equivalent to approximately 8,200 kg/hr of 
stripping steam. This stripping steam will 

25 be supplied by the steam-jet thermocom- 
pressor 80 which discharges through line 35 
into column 3. 

The suction side of the steam-jet ejector 
80 is connected to the expansion vessel 5 

30 where a pressure of 1.1 kg/cm 2 is maintained. 
The semi-lean solution flow of 130,000 kg/hr 
which is withdrawn from draw-off pan 40 
flows through line 24 and pressure reducing 
valve 56 to expansion vessel 5 where 900 

35 kg/hr of steam are generated by flashing, 
thereby cooling the solution to 103 °C. The 
semi-lean solution which collects at base of 
auxiliary column 3 at a temperature of 115°C 
and conversion cf 39% flows at the rate of 

40 185,000 kg/hr through line 27 and pressure 
reducing valve 58 to expansion vessel 5 where 
2,200 kg/hr of steam are produced by flash- 
ing thereby cooling the solution to 105°C. 
The motive steam of 6 kg/cm 2 pressure pro- 

45 duced in ketde 95 is supplied to the steam-jet 
ejector 80 by line 34 at a flow rate of 5,100 
kg/hr and the recompressed mixture of 
flashed vapour and motive steam is discharged 
by the thermocompressor 80 through line 35 

50 at the pressure of 1.64 kg/cm 2 which prevails 
at the base of column 3, at a flow rate of 
8,200 kg/hr. 

The regeneration heat demand of column 3 
has thus been satisfied to an extent of 62% 

55 by an external supply of motive steam and 
to an extent of 38% by heat extracted from 
the solution itself by the thermocompression 
action of a steam-jet ejector. 

The external heat supply to auxiliary 

60 column 3 therefore amounts to 62% of the 
regeneration heat requirement of 1,115 
kc/Nm 3 C0 2 , Le. 692 kc per Nnr of C0 2 
desorbed in column 3. 

As the heat demand of auxiliary column 3 

65 is fully satisfied by the steam supplied by 



the steam-jet thermocompressor 80, it is pos- 
sible to use the additional steam supply dis- 
charged by thermocompressor 88 as stripping 
steam in the main regeneration column 2. 

The lean solution at the base of column 2 70 
flows through line 25 and pressure reducing 
valve 57 to the expansion vessel 4, which is 
connected to the suction side of the steam- 
jet ejector 88, which maintains in said vessel 
a reduced pressure of 1 kg/cm 2 . Steam is 75 
generated by flashing at a rate of 600 kg/hr 
thereby cooling the solution to 106°C. 

Motive steam produced at a pressure of 
6 kg/cm 2 in kettle 95 is supplied through line 
34 at the rate of 1000 kg/hr to the steam-jet 80 
ejector 88 and the recompressed mixture of 
flashed vapour and motive steam is discharged 
through valve 61 at the pressure of 1.5 
kg/cm 2 which prevails at the base of column 

2. 85 
When it is thus chosen to return the total 

output of 1,600 kg/hr of steam from thermo- 
compressor 88 to column 2> valve 60 of line 
33 is closed. The regeneration heat require^ 
ment in main column 2 amounts to 1,044 90 
kc per Nm 3 of C0 2 desorbed in the column, 
which is equivalent to a stripping steam 
supply of 7,700 kg/hr. As the steam-jet 
thermocompressor 88 already supplies 
approximately 20% of the total demand of 95 
column 2, the heat supply by solution reboiler 
90 will be reduced in the same proportion 
and will amount to 838 kc per Nm 3 of CO z 
desorbed in column 2. The total external re- 
generation heat supply to column 2 will thus 100 
be made up of 838 kc/Nm 3 C0 2 from re- 
boiler 90 and 62 kc/Nm ; CO s under form of 
motive steam, or a total of 900 kc/Nm 3 C0 2 
desorbed in column 2. As the total regenera- 
tion duty is divided in equal parts between 105 
the main column 2 and the auxiliary column 

3, where the respective external heat require- 
ments are 900 kc/Nm 3 C0 2 and 692 
kc/Nm 3 C0 2 , the combined overall external 

heat supply will amount to 796 kc per Nm 3 1 10 
of C0 2 removed from the spent scrubbing 
solution. 

After flashing in vessel 4, the lean solution 
flows through exchanger 99 where the re- 
generation condensate is preheated to 100°C 1 1 5 
and is pumped by pump 81 through line 261 
to the cooler 91 where it is cooled to 80°G 
before entering the top of absorber 1. The 
combined semi-lean solution flow from 
expansion vessel 5 with a percent conversion 120 
of 42% flows through line 28 to pump 82 
from where it is recycled to absorber 1 after 
cooling in cooler 92 to a temperature of 
100°C. The overhead mixture of steam and 
C0 2 from the main column 2 flows through 125 
line 32 to cooler 93 and reflux drum 6 where 
the condensate is separated while the cooled 
C0 2 is discharged at a pressure of approxi- 
mately 1.3 kg/cm 2 and a temperature of 60°C 
through line 37, at a flow rate of 4,000 130 
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Nm 3 /hr. The other fraction of acidic gas 
which is desorbed in auxiliary column 3 is 
evacuated at the higher pressure of 1.5 
kg/cm 2 through line 39 after having been 

5 cooled to 60°C in cooler 96. The condensate 
from reflux drum 10 flows through pressure 
reducing valve 50 into line 29 through which 
it flows jointly with the condensate from re- 
flux drum 6 at a combined flow rate of 

10 8,700 kg/hr and temperature of 60°C to 
pump 83. From there it is pumped to heat 
exchanger 99 where it is reheated to 100 C C 
after which it flows at a rate of 6,100 kg/hr 
to vapourizing ketde 95 where the corres- 

1 5 ponding amount of motive steam is produced 
at a pressure of 6 kg/cm 2 by the hot feed gas 
which is supplied by line 47 and leaves the 
kettle 95 by line 36 at a temperature of 
164°C. The remainder of the regeneration 

20 condensate is returned as reflux to the main 
column 2 through valve 62. 

It will be noted that, according to this 
mode of operation* the solution reboiler is 
operated at the lower regeneration pressure, 

25 and that the reboiler heat duty has been 
reduced to 419 kc/Nm 3 C0 2 . 

EXAMPLE 3 
Reference is made to Figure 3 of the 
drawings. The scrubbing solution composi- 

30 tion and load factor is the same as in Example 
2, as well as the percent conversion^, tempera- 
ture and flow rate of the streams of lean and 
semi-lean solutions entering the absorber and 
of spent scrubbing solution leaving the 

35 absorber. The recycle solution line 262 and 
cooler 94 are not used. The same feed gas is 
used as in Example 2. 

The spent scrubbing solution, with a con- 
version of 84% and temperature of 108°C, 

40 flows through line 21 and pressure reducing 
valve 52 to the flash zone 7 of the main re- 
generation column 2 where the pressure is 
set at 1.5 kg/cm 2 . 

At draw-off pan 42, below regeneration 

45 zone 18, where the pressure is approximately 
1.6 kg/cm 2 , a fraction of 50% of the partially 
regenerated solution is withdrawn at a tem- 
perature of 110°C and conversion of 55%. 
The remaining 50% fraction flows down to 

50 regeneration zone 15 and draw-off pan 40 
where a fraction of 70% of the remaining 
semi-lean solution, i.e. 35 % of the total flow 
entering the top of the column is withdrawn 
at a temperature of 113°C and conversion of 

55 46.3%. The remaining fraction of 15% flows 
to regeneration zone 16, and after passing 
through solution reboiler 90, collects at the 
bottom of the column at a temperature of 
118°C and conversion of 22%,. 

60 The partially regenerated solution with- 
drawn from draw-off pan 42 flows through 
line 23 to the auxiliary column 3, which is 
situated at a lower elevation, which is such 
that the hydrostatic pressure of the solution 



in line 23 is sufficient to overcome the dif- 65 
ference in pressure between columns 2 and 
3. In this example, the difference in height 
between draw-off pan 42 and pressure reduc- 
ing valve 53 is 2 m., which corresponds to 
a hydrostatic head of approximately 0.25 70 
kg/cm 2 , and the pressure in auxiliary column 
3 is 1.7 kg/cm 2 , i.e. 0.1 kg/cm 2 more than 
at draw-off pan 42. 

Because of the increased pressure in flash 
zone 8, there is no flashing of the solution, 75 
which after regeneration in regeneration zone 
17 collects at the base of the column. 

In order to satisfy the constant load factor 
of the solution of 45% overall percent con- 
version change, the solution stream in column 80 
3 must be regenerated to a conversion of 
39%. For dais regeneration duty, an 
increased amount of stripping steam is how- 
ever required, so that the partial pressure of 
acidic gas in the vapour mixture which 85 
emerges at the top of regeneration zone 17 
and is subsequently returned to the main 
column 2, by line 321, is maintained at a 
value which is sufficiently low to ensure that 
said vapour mixture will still have an 90 
adequate stripping efficiency when transferred 
in the main column 2. 

As a conversion change of only 16% is 
performed on a fraction of 50% of the total 
solution* this will correspond to a desorption 95 
of 1,420 Nm 3 /hr of C0 2 . The stripping steam 
which must be supplied to column 3 corres- 
ponds to 5.7 kg steam per Nm 3 of C0 2 or 
approximately 8,100 kg/hr. 

According to the invention, this stripping 100 
steam demand is satisfied by the discharge 
flow of the steam-jet ejector 80. The semi- 
lean solution regenerated in column 3 to a 
conversion of 39% and a temperature of 
116°C flows through line 27 and pressure 105 
reducing valve 58 to the expansion vessel 5, 
in which the suction side of the steam-jet 
ejector 80 maintains a reduced pressure of 
1.2 kg/cm 2 . The flashing induced by this 
decrease in pressure generates 2,100 kg/hr 110 
of steam thereby cooling the solution to 
105°C. The semi-lean solution which is 
withdrawn from the main column 2 at draw- 
off pan 40, flows through line 24 and pressure 
reducing valve 56 to expansion vessel 5, where 1 1 5 
the flashing generates 1,200 kg/hr of steam, 
thereby cooling the solution to 105 °C. 

The motive steam, which is supplied from 
kettle 95 through line 34, at a pressure of 
6 kg/cm 2 and a flow rate of 4,800 kg/hr re- 120 
compresses the combined flashed vapours to 
a pressure of 1.8 kg/cm 2 which corresponds 
to the pressure at the base of column 3, where 
it discharges the mixture of motive steam and 
recompressed flashed vapour through line 35. 125 
The regeneration heat requirement of the 
auxiliary column 3 has thus been satisfied by 
an external heat supply under form of live 
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motive steam, equivalent to 1,851 kc per 
Nm 3 of C0 2 desorbed in said column. 

The regeneration heat demand in the main 
column 2 is now satisfied in part by the strip- 

5 ping steam supplied by the auxiliary column 
3 through line 321, and the additional require- 
ment corresponds to a stripping steam supply 
of 7,800 kg/hr at the base of the column, 
of which part will be supplied by the thermo- 

10 compressor 88 through line 33 and valve 61, 
and part through the solution reboiler 90. 

The lean solution at the bottom of the main 
column 2 flows through line 25 and pressure 
reducing valve 57 to the expansion vessel 4 

1 5 where the suction side of the steam-jet ejector 
88 maintains a reduced pressure of 1.15 
kg/cm 2 . The induced flashing generates 700 
kg/hr of steam thereby cooling the solution 
to 108°C. The motive steam which is sup- 

20 plied at a pressure of 6 kg/cm 2 by kettle 95 
through line 34, at a flow rate of 1,000 kg/hr 
recompresses the flashed vapour to the pres- 
sure of 1.7 kg/cm 2 which prevails at the 
base of column 2, where it discharges the 

25 mixture of motive steam and recompressed 
flashed vapour through line 33 and valve 61 
at a flow rate of 1,700 kg/hr. During this 
operation valve 60 is closed so that no dis- 
charge steam from thermocompressor 88 is 

30 allowed to enter the auxiliary column 3. 

The balance of 6,100 kg/hr of stripping 
steam supply is obtained from reboiler 90 
which is heated by the hot synthesis feed gas. 
If the heat supply to the reboiler is related 

35 to the overall acidic gas removal duty of 
8,000 Nm 3 /hr of C0 2 it corresponds to 417 
kc/Nm 3 C0 2 desorbed (overall). The motive 
steam used in the steam-jet thermo com- 
pressors 80 and 88 at a combined flow rate 

40 of 5,800 kg/hr corresponds to a heat supply, 
which is introduced in the regeneration 
system through vapourizing kettle 95, of 397 
kc/Nm 3 COo desorbed overall. 

The combined regeneration heat demand 

45 of this regeneration method thus amounts to 
814 kc/Nm 3 C0 2 removed. All the C0 2 
which has been desorbed in the regeneration 
system is collected at the top of the main 
regeneration column 2 at a pressure of 1.5 

50 kg/cm 2 , from where it flows through line 32 
to cooler 93 and discharge line 37 where it 
leaves the unit at a temperature of 60°C. 

The overhead regeneration condensate 
which collects in reflux drum 6 at a rate of 

55 8,000 kg/hr flows through line 29 and is 
pumped by pump 83 to heat exchanger 99 
where it is preheated to 100°C, after which 
part of it is supplied to kettle 95 for the pro- 
duction of motive steam and the remainder 

60 is returned to the main column 2 as process 
reflux. 

According to Figure 3, it is shown that 
this reflux is returned through valve 62 at 
the top of column 2. It is however well known 
65 that it is equally satisfactory to return said 



reflux either to an intermediate level, or at 
the base of the regeneration column, or even 
direcdy into the side stream flowing into the 
solution reboiler 90. 

According to another well known practice, 70 
it is also possible to return the cold process 
condensate into the system* without preheat- 
ing in exchanger 99, direcdy into line 26. 

These various modifications are equally 
applicable within the scope of the present 75 
invention. 

After passing through heat exchanger 99, 
the lean solution is recycled by pump 81 and 
line 261 to the top of the absorber 1 after 
cooling to 80°C in cooler 91. 80 

The semi-lean solution from vessel 5 with 
conversion of 42% is recycled to the absorber 
1 by pump 82 through line 281 and cooler 
92 where its temperature is adjusted to 
100°C. 85 
EXAMPLE 4 

Reference is made to Figure 4 of the draw- 
ings, which shows a dual solution scrubbing 
system in which an aqueous potassium car- 
bonate solution is used for the bulk: removal 90 
of CO z in the first absorption zone 14 of 
absorber 1, and a 20% by weight aqueous cUV 
ethanolamine (DEA) solution is used in the 
second absorption zone 12 of absorber 1 for 
final cleaning of the gas. The same process 95 
feed gas is used as in Example 1. After pass- 
ing through the kettle 95, where upon cool- 
ing to 163°C it vaporizes 7,200 kg/hr of 
motive steam at a pressure of 6 kg/cm 2 , solu- 
tion reboiler 90 and another exchanger (not 100 
shown), the process feed gas enters absorber 
1 which operates at a pressure of 27 kg/cm 9 
through line 30 at a flow rate of 45,700 
Nm 3 /hr (dry basis). After passing through 
the first absorption zone 14, where the CO a 105 
content is reduced to 1.6% by volume, the 
gas is further cleaned in the second absorp- 
tion zone after which it leaves the absorber 
through line 31 at a temperature of 45 °C 
and with a residual C0 2 content of not more 1 10 
than 0.01% by volume. The regenerated 
potassium carbonate solution is recycled to 
the absorber 1 through line 281 at a tempera- 
ture of 101°C and a conversion of 41.5%. 
The spent potassium carbonate solution which 1 1 5 
collects at the base of absorber 1 has a con- 
centration of 29% by weight of potassium 
carbonate, and contains, in addition to a small 
amount of corrosion inhibitor, 3% by weight 
of diethanolamine. It leaves through line 21, 120 
at a temperature of 110°C and a conversion 
of 84% at a flow rate of 371,000 kg/hr. The 
lean DEA (diethanolamine) solution is recycled 
to the top of the absorber 1 through line 261 
at a temperature of 45 °C and an acidic gas 125 
load of 0.08 mole C0 2 per mole of DEA. 
The spent DEA solution is withdrawn from 
absorber 1 at draw-off pan 43, at a tem- 
perature of 77°C and an acidic gas load of 
0.38 mole per mole of DEA. 1 30 
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It flows through line 20, at a flow rate of 
47,000 kg/hr to heat exchanger 100, where 
it is preheated to 95 °C, and after pressure 
reduction in valve 64, enters the lower re- 

5 generation section of the main regeneration 
column 2. After flashing in flash zone 9, 
where the operating pressure is 1.45 kg/cm 2 , 
the solution flows to regeneration zone 16 
and to the solution reboiler 90. The heat 

10 supplied by the hot process feed gas from line 
36, generates 4,800 kg/hr of steam. Part of 
this stripping steam is used in regeneration 
zone 16 to supply the heat for the endo- 
thermic desorption process and to heat die 

15 solution to its boiling temperature, while the 
remainder, together with the desorbed C0 2 
flows upwards to the upper regeneration sec- 
tion where the potassium carbonate solution 
is regenerated. 

20 The spent potassium carbonate solution 
leaving absorber 1 is divided in two parts. A 
fraction of 30% is sent through pressure 
reducing valve 52 and line 22 to the main' 
regeneration column and flash zone 7 where 

25 the pressure is set at 1.3 kg/cm 2 . 

After flashing the solution flows to re- 
generation zone 15 and to draw-off pan 40 
from where it is withdrawn at a temperature 
of 109°C and a conversion of 46%. The re- 

30 generation steam demand in zone 15 amounts 
to 4,600 kg/hr of which only 2,550 kg/hr 
are rising from the lower regeneration section. 
In order to satisfy the additional requirement, 
the lean DEA solution which leaves the bot- 

35 torn of the main column 2 through line 25 at 
a temperature of 112°C, is led to expansion 
vessel 4, where the suction side of the steam 
ejector 88 maintains a reduced pressure of 
1.05 kg/cm 2 . The flashing of this solution 

40 upon pressure reduction through valve 57, 
generates 800 kg/hr of steam, which are re- 
compressed by the thermocompressor 88, 
which is operated with 1,250 kg/hr of motive 
steam at a pressure of 6 kg/cm 2 , supplied by 

45 ketde 95 through the steam collector 34. The 
thermocompressor 88 discharges the mixture 
of recompressed flashed vapour and motive 
steam through line 33 and valve 611 to the 
flash zone 9 at a flow rate of 2,050 kg/hr. 

50 During this operation, the valves 61 and 60 
are maintained closed. 

The second fraction of 70% of the spent 
potassium carbonate solution flows through 
the pressure reducing valve 53 and line 23 to 

55 the auxiliary regeneration column 3 and flash 
zone 8 where the pressure is set at 1.4 
kg/cm 2 . 

In order to satisfy the specified overall con- 
version change of 42.5%, the regeneration in 
60 the auxiliary column must be carried through 
to a conversion of 39%. The corresponding 
regeneration steam demand of 10,100 kg/hr 
is supplied by the steam-jet ejector 80. 
The regenerated solution from draw-off 
65 pan 40 flows through line 24 and pressure 



reducing valve 56 to the expansion vessel 5 
where the suction side of the steam-jet ejector 
80 maintains a reducing pressure of 1 
kg/cm 2 . Upon flashing steam is generated at 
the rate of 1,000 kg/hr thereby cooling the 70 
solution to 101°C. The solution which has 
been regenerated in the auxiliary column 3, 
flows by line 27 at a temperature of 112°C 
through the pressure reducing valve 58, to 
the expansion vessel 5, where a steam flow of 75 
3,100 kg/hr is generated, thereby cooling 
the solution to 101°C. 

A supply of 6,000 kg/hr of motive steam 
is supplied by line 34 to the steam-jet thermo- 
compressor 80, which recompresses the 80 
flashed vapour to the pressure of 1.54 
kg/cm 2 which prevails at base of column 3, 
and discharges the mixture of motive steam 
and recompressed vapour at a flow rate of 
10,100 kg/hr through line 35. 85 

The combined flow of regenerated potas- 
sium carbonate solution, with a conversion 
of 41.5%, flows at a temperature of 101°C 
through line 28 to pump 82 and is recycled 
to absorber 1 through line 281. ' 90 

No cooling is required in cooler 92. The 
lean DEA solution which leaves expansion 
vessel 4 at a temperature of 102°C flows 
through line 26 to pump 81, and is pumped 
to heat exchanger 100 where it preheats the 95 
spent scrubbing solution. From there it flows 
to cooler 91 where its temperature is adjusted 
to 45 °C. The flow of desorbed C0 2 from the 
auxiliary column 3 is cooled in cooler 96 and 
leaves the regeneration unit at a pressure of 100 
1.5 kg/cm 2 by line 39. The C0 2 which has 
been desorbed in the main column flows 
through line 32 to the heat exchanger 99 
where it preheats the process condensate and 
then to cooler 93 before leaving the unit by 105 
line 37 at a pressure of 1.3 kg/cm 2 . 

The regeneration condensate which collects 
in the condensate drums 10 and 6 flows 
through line 29 at a combined flow rate of 
9,600 kg/hr to pump 83, from where it is 110 
pumped to heat exchanger 99. This heat 
exchanger could equally well be heated by 
the overhead C0 2 and vapour stream from 
column 3. After preheating to 94°C, the 
condensate flows to kettle 95 at a rate of 115° 
7,250 kg/hr and the remainder is returned 
through valve 62 to the lower section of the 
main regeneration column as process reflux. 

The total external heat requirement of the 
regeneration system is satisfied by the solution 1 20 
reboiler steam production of 4,800 kg/hr and 
the motive steam supply of 7,250 kg/hr to 
the thermocompressors 80 and 88. A total 
quantity of 8,040 Nm 3 /hr of CO a has been 
removed from the process gas, and the specific 1 25 
heat consumption amounts to 825 kc/Nm 3 
of C0 2 removed. 

In this example, the two separate absorp- 
tion zones 12 and 14 were combined in the 
same absorption column. It is obvious that 130 
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the regeneration method according to the pre- 
sent invention applies equally well if the 
separate absorption zones are arranged in dif- 
ferent columns. 

5 It is to be noted that the flow diagrams 
of Figures 1 to 4 do not include all the 
necessary devices needed for the operation 
of an industrial plant. However, the addi-" 
tional devices needed for that purpose will 

10 be obvious for those skilled in the art. 

It is also to be noted that the invention is 
not limited to the four above described 
embodiments and that the flow diagrams may 
be modified within the scope of this inven- 

1 5 tion. 

WHAT WE CLAIM IS: — 

1. A process for the regeneration of re- 
generate aqueous scrubbing solutions which 
are used for the bulk removal of acidic gases^ 

20 by absorption from gas mixtures containing 
these acidic gases, in a cyclic process in which 
said aqueous scrubbing solutions are re- 
generated in a regeneration system by steam 
stripping before being recycled to the absorp- 

25 tion stage, a part of the scrubbing solutions 
being regenerated in a main regeneration sec- 
tion of the regeneration system, whereas the 
other part of the scrubbing solutions is re- 
generated in an auxiliary regeneration section 

30 of the regeneration system, said process com- 
prising the steps of selecting the pressure in 
the auxiliary regeneration section indepen- 
dently from the pressure in the main re- 
generation section and obtaining at least a 

35 part of the stripping steam required in the 
auxiliary regeneration section through flash- 
ing of the scrubbing solution in a reduced 
pressure zone connected to the suction side of 
a steam-jet thermocompressor, the mixture of 

40 thennoeompresscr motive steam and recom- 
pressed flashed vapour being directly dis- 
charged into said auxiliary regeneration sec- 
don. 

2. A process according to claim I, in which 
45 all the stripping steam required in the 

auxiliary regeneration section is obtained by 
flashing of the scrubbing solution in at least 
one reduced pressure zone connected to the 
■ suction side of a steam-jet thermocompressor, 
50 the mixture of thermocompressor motive 
steam and recompressed flashed vapour being 
directly introduced into said auxiliary re- 
generation section. 

3. A process according to anyone of claims 
55 1 and 2, in which the pressure in the 

auxiliary regeneration section is lower than 
the pressure in the main regeneration section. 

4. A process as claimed in claim 3 wherein 
a part of the stripping steam required in said 

60 auxiliary regeneration section is obtained by 
direct flashing of the scrubbing solution upon 
pressure reduction from the higher pressure 
of the main regeneration section ? o the lower 
pressure of the auxiliary regensmtion section. 



5. A process according to either of claims 65 
1 and 2, in which die pressure in the 
auxiliary regeneration section is equal to or 
higher than the pressure in the main re^ 
generation section. 

6. A process according to any one of the 70 
preceding claims, in which the flashing to a 
reduced pressure, induced by the operation 

of the steam-jet ejector, is performed on a 
partially or totally regenerated scrubbing 
solution obtained from either the main re- 75 
generation section or the auxiliary regenera- 
tion section. 

7. A process according to any one of the 
preceding claims, in which a part of the mix- 
ture of thermocompressor motive steam and 80 
recompressed flashed vapour is discharged in 

the main regeneration section. 

8. A process according to any one of the 
preceding claims, in which the spent scrub- 
bing solution is separated into two fractions 85 
which are introduced directly into the main 
regeneration section and into the auxiliary 
regeneration section respectively. 

9. A process according to any one of claims 

1 ro 7, in which all the spent scrubbing solu- 90 
tion is introduced into the main regeneration 
section and a side stream of partially re- 
generated scrubbing solution is withdrawn 
from the main regeneration section and intro- 
duced into the auxiliary regeneration section. 95 

10. A process according to any one of the 
preceding claims, in which two different 
scrubbing solutions which have been used in 
independent gas absorption sections are re- 
generated in a single regeneration system 100 
comprising one main regeneration section and 

one auxiliary regeneration section, the strip- 
ping steam which has been used for the re- 
generation of one of the spent scrubbing 
solutions being reused as stripping steam for 105 
the regeneration of at least part of the other 
spent scrubbing solution. 

11. A process according to claim 10, in 
which the stripping steam used in the 
auxiliary regeneration section is obtained by 110 
flashing of one or both of the different scrub- 
bing solutions in one or more corresponding 
reduced pressure zones connected to the suc- 
tion side of one or more steam-jet thermo- 
compressors, each of the mixtures of thermos 115 
compressor motive steam and recompressed 
flashed vapour being direcdy discharged into 

said auxiliary regeneration section. 

12. A process according to claim 10, in 
which the stripping steam used in the 120 
auxiliary regeneration section is obtained by 
flashing of one or both of the different scrub- 
bing solutions in one or more corresponding 
reduced pressure zones connected to the suc- 
tion side of one or more steam-jet thermos- 125 
compressors, any or each of the mixtures of 
thermocompressor motive steam and re- 
compressed flashed vapour being discharged 
partly or wholly into said auxiliary regenera- 
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tion section or partly or wholly into the main 
regeneration section. 

13. A process as claimed in claim 1 sub- 
stantially as herein described in any one of 
Examples 1 to 4. 

14. A process as claimed in claim 1 sub- 
stantially as herein described with reference 
to Figures 1 to 4 of the attached drawings. 



15. A process as claimed in claim 1 sub- 
stantially as herein described. 10 

For the Applicants, 
FRANK B. DEHN & CO., 
Imperial House* 
15 — 19 Kingsway, 
London WC2B 6UZ. 
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